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2. 

INTRODUCTION. 

At  the  present  time  the  great  number  of 
new  applications  and  vises  of  electricity,  have 
enormously  increased  the  necessity  for  an  ef- 
ficient form  of  a  rectifying  device. 

This  great  need  has  developed  on  account 
of  the  various  applications  which  require  direct 
current,  and  mainly  on  account  of  the  growing 
tendency  of  most  of  the  large  generating  stations 
to  produce  alternating -current  for  power  and 
lighting  purposes.   This  tendency  has  been  en- 
couraged greatly  since  it  was  found  much  easier 
and  more  economical  to  transmit  alternating  cur- 
rent thaji  to  transmit  currents  of  uni -direction. 

The  ease  of  transmission  of  alternating  cur- 
rents is  due  mainly  to  the  higher  potentials  at 
which  these  currents  may  be  transmitted.   This  is 
usually  taken  care  of  by  the  various  methods  of 
connecting  in  transformers.   Since  large  voltages 
are  possible,  small  currents  can  be  used;  hence 
a  saving  of  copper,  which  is  due  to  the  use  of 
smaller  sizes  of  wires. 


In  the  electrical  field  many  instances  may 
be  noted  where  direct-current  Is  absolutely  nec- 
essary, en  that  the  problems  of  rectification  be- 
comes a  rather  important  one,  and  is  invariably 
left  to  the  consumer,  who  is  naturally  on  the  out- 
look for  the  most  practical  and  efficient  device. 

In  looking  over  the  field  where  rectifiers 
may  be  employed  for  converting  alternating  current 
into  one  of  uni-direc ticn,  v/e  find  that  direct  cur- 
rent is  used  for  power  for  ignition  coils,  for 
charging  storage  batteries  for  small  direct  current 
motors,  series  arc  lighting,  for  the  arcs  of  m.otion 
picture  machines,  and  for  a  great  number  of  other 
purposes. 

In  the  past  number  of  years  as  the  motion  pic- 
ture business  has  advanced  so  rapidly,  a  great 
field  has  been  established  for  an  efficient  type 
of  a  rectifying  device,  for  rectifying  alternating 
currents  into  direct  current  for  the  arcs,  of  motion 
picture  machines. 

In  looking  over  the  localities  of  the  motion 
picture  theatres,  it  is  found  that  most  of  them 
are  furnished  with  alternating  current.   This  cur- 


rent  must  be  rectified  into  direct  current  be- 
fore It  can  be  used  for  the  arcs  of  the  picture 
machines.   Since  every  theatre  that  is  furnished 
with  alternating  current  must  have  some  type  of 
rectifier,  it  can  easily  be  seen  that  the  most 
efficient  and  practical  rectifier  will  be  fav- 
ored by  the  theatre  managers.   The  rectifier  is 
in  most  cases  located  in  the  operating  room, 
which  is  in  most  cases  very  small;  and  therefore 
a  rectifier  which  occupies  the  least  space  would 
be  the  most  logical  machine  to  be  used.   As  the 
commutator  Rectifier  occupies  very  little  space, 
it  can  easily  be  seen  that  this  type  of  rectifier 
would  be  the  most  practical  one. 

In  the  use  of  the  Commutator  Rectifier,  we 
will  endeavor  to  confine  our  work  to  the  problems 
of  rectifying  alternating  current  to  direct  cur- 
rent, for  the  purpose  of  supplying  current  for 
the  arcs  of  motion  picture  machines. 


Photograph   of  Pectif  ier,  wi  th   Instruments   for    Testing 
Same  at   the   left. 
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THEORY  AND   EXPLANATION   OF  RECTIFIER. 

The  mechanical   rectifier   consists   of  a 
synchronous   motor,    v,'hir«.h  starts  up  as  a   single- 
phase   induction  motor.    This   motor  has  a   commuta- 
tor rectifier   for    the  purpose   of  rectifying  al- 
ternating, current  into  direct  current.      The  motor 
is  mounted   on  an   iron   stand.      On    the   same   stand 
is   placed    the   switch  board  with  all    the  necessary 
auxiliary   apparatus.       This   motor   is   a   split-phase 
single-phase    induction  motor   on  starting  and  a   syn- 
chronous  motor   on  running.       The    theory   of   a   split- 
phase  motor   is   as   follows:       the    stator   of    the  motor 
is   provided  with  a   two-phase  winding,    and   these  two- 
phases   are   connected  in   parallel    to    the   single-phase 
supply   mains   with  a  resistance   or   a   condenser   in 
series  with  one   of    the   phases.      Under    these   con- 
ditions   the   currents    in    the    two    stator  windings 
are   out  of  phase   with   each  other    sufficiently    to 
produce    the   desired    starting    torque,    and  when   the 
machine  reaches  moderate   speed,    one   of    the    stator 
windings    is   disconnected  and   the   machine  runs  as   a 
synchronous    motor.       The   switchboard   contains    the 
following  auxiliary   apparatus:    A    transformer  with 
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five  different  secondaries  connected  in  such  a  way 
that  tlie  voltage  could  be  stepped  down  from  110  to 
60,  65,  70,  75  or  80  volts.   An  ammeter  to  indicate 
the  current,  a  revei^sing  or  polarity  switch  to 
change  the  direction  of  the  current  in  case  the  pol- 
arity is  vjT^ong,  a  low  voltage  circuit  breaker  v/hich 
disconnects  the  circuit  '/h  enever  the  voltage  be- 
comes lower  than  about  70  volts.   A  resistance  wire 
is  also  connected  in  series  in  order  to  keep  a 
steady  current  through  the  arc. 

The  principle  of  commutator  rectifier  is  as 
follows:   The  single-phase  induction  motor  described 
drives  a  tv;o- segment  commutator  on  TR^ich  are  four 
brushes  as  shown  in  the  accompanying  diagram.   The 
motor  is  started  and  brought  up  to  the  proper  speed 
which  is  one  revolution  for  two  cycles  of  the  current. 
The  transformer  switch  is  closed  and  the  brushes  shif- 
ted so  that  the  insulation  passes  under  the  brushes 
at  the  zero  point  of  the  current  curve.   Once  adjusted 
they  will  remain  all  right  unless  the  commutator  or 
brushes  slip  from  their  rigid  position. 

When  the  brushes  are  over  the  insulation  at 
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the  zero  value  of  the  alternating  current  wave  there 
will  be  no  sparking  and  the  process  of  rectification 
will  he    the  following: - 

Let  the  insulation  be  between  brushes  3  and 
4  and  assume  the  alternating  current  to  flow  as  shown 
by  arrow  labeled  (1).   Let  the  direction  of  rotation 
be  as  shown  by  the  arrow.   The  current  flows  in  brush 
4  from  the  transformer,  through  the  comniutator  segment 
to  brush  2  to  the  double  pole  switch  to  the  D.C.  load 
and  back  to  brush  3  through  the  other  commutator  seg- 
ment to  brush  1  to  other  side  of  alternating  current 
line. 

When  the  insulation  is  under  the  briishes  2  and 
3  cr  1  and  4  the  current  wave  will  be  zero.   After  the 
insulation  passes  the  brushes  and  the  insulation  will 
be  between  1  and  3  the  current  will  flow  into  brush  1 
through  commutator  to  brush  2  through  double  pole  switch 
as  before  through  D.C.  load  to  brush  3  and  out  brush  4 
through  the  transformer  to  A.C.  supply. 

Figs,  I  to  V  in  the  accompanying  diagram  show 
all  the  different  positions  of  the  brushes,  for  a  com- 
plete revolution  and  the  corresponding  values  of  the  cur- 
rent are  shown  on  the  curve  as  marked. 
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Instructions  for  Operating  Rectifier. 
In  Starting  Rectifier, 

First  -  See  that  all  switches  are  open. 
Second  -  Close  service  switch. 
Third  -  Hold  in  circuit  breaker  and 
close  polarity  switch. 
Fourth  -  Get  desired  polarity  by 
polarity  switch. 

In  Shutting  Down,  - 
First  -  Ihrow  off  load  by  opening 
polarity  switch. 
Second  -  Open  service  switch. 
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METHOD. 

In  preparing  for    the    tests    to  be  made  upon 
the   mechanical   rectifier,    the  necescary   instrum- 
ents  were  first   calibrated.       Ihese   instruments 
were   calibrated  by  direct  comparison   with   stand- 
ard  instruments.       The   same   instruments  were  used 
on  both  sides   of    the  rectifier. 

The   alternating- current   instruments   were 
used  on  both   sides  for    the   following  reasons: 

(1)      The   alternating-current  instruments   in- 
dicate   the   effective  value   of    the   current,    and 
all    the   current   taken  by    the  rectifier  is   conver- 
ted into   heat.      Heat  is  proportional    to    the   square 
of    the   current  multiplied  by    the  resistance,    and 
the   current  in    the   equation,    current  squared   mul- 
tiplied by    the   resistance,    is    the   effective   value 
of    the   current.      Hence    the  use  of    the  alternating- 
current  instruments. 

Secondly,  if  direct-current  instruments  were 
used  on  the  direct  current  side  of  the  rectifier, 
it  would  be  necessary  to  multiply  tiie  direct  cur- 
rent readings   of   the   ammeter  by    the   ratio   of    the 
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effective  to  the  average  value  In  order  to  obtain 
the  efficiency  of  the  machine.   In  order  to  use 
the  same  instruments,  and  not  have  to  connect  and 
disconnect  them  after  every  reading  of  the  alter- 
nating current  and  direct  current  side,  a  selec- 
tor switch  was  used.   The  connections  are  shown 
on  diagram  I. 

Ihe  instruments  used  in  performing  the  tests 
were  as  follows: 

1.  The  voltmeter  was  of  the  Hartman  and 
Braun  electrodynamom.eter  type  (0-130)  volts. 

2,  Ihe  ammeter  was  a  G.  E.  (0-30)  (0-60) 
amperes  No.  205833.   Ihe  wattmeter  was  an  S  &  H. 
Precision  Wattmeter;  maximum  current  100  amperes. 

The  rectifier  was  tested  with  three  differ- 
ent generators  as  the  source  of  cupply.   Ihe  first 
was  approxim.ately  of  the  sine  wave  form,  the  sec- 
ond was  of  actual  sine  wave  form,  while  the  third 
was  of  the  peaked  wave  form. 

The  generator  supplying  the  near- sine  wave 
was  built  by  the  General  Electric  Company,   thre^- - 
phase,  110  volt,  and  driven  by  a  15  H.P.  interpole 
110  volt  direct-current  m.otor.   The  motor  drove 


14. 


the  generator  at  a  speed  giving  sixty  cycles 
per  second.   Ihe  frequency  was  maintained  con- 
stant by  a  rheostat  in  the  generator  field. 
The  generator  was  separately  excited  from  the 
same  source  which  supplied  the  motor.   The  volt- 
age of  the  generator  was  indicated  by  a  (0-130) 
voltmeter  of  dynamometer  type,  and  the  frequen- 
cy by  a  frequency  meter.   These  two  instruments 
were  connected  across  the  terminals  of  the  gen- 
erator. 

The  generator  supplying  the  sin©  wave  was 
built  by  V/estern  Electric  Company,  30  kw.  .three- 
phase,  2300  volt,  stepped  down  by  means  of  trans- 
former to  220  volts  or  110  volts.   If  the  second- 
aries are  connected  in  series  220  volts  are  ob- 
tained, but  if  connected  in  parallel  110  volts 
are  obtained.   This  machine  v/as  driven  by  a  75 
horsepower  motor. 

In  the  third  test  a  generator  giving  a  peaked 
wave  was  used.   Ihis  machine  was  a  single  phase, 
1100  volt,  and  was  connected  directly  to  a  35 
horsepower  motor.   The  speed  of  the  motor  was  con- 
trolled by  a  field  rheostat,  while  the  generator 
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voltage  was  varied  by  means  of  its  field  rheostat. 
In  this  case  the  field  was  separately  excited  from 
the  same  source  which  supplied  the  motor.   The 
power  from  the  generator  was  transmitted  to  two 
Westinghouse  transformers,  each  of  5  K.W.  capacity, 
and  of  one  to  ten  ratio  of  transformation.  The 
high  tension  side  of  these  transformers  were  connec- 
ted in  parallel,  while  the  secondaries  were  connec- 
ted in  series.   The  instruments  were  connected  as 
previously  explained;  the  ammeter  and  wattmeter 
were  connected  across  the  terminals  of  the  gener- 
ator.  The  frequency  meter  was  connected  in  paral- 
lel with  the  voltmeter.   In  two  of  the  experiments 
resistance  boxes  and  lamp  racks  were  used  as  loads, 
while  in  the  third  experiment  an  arc  lamp  was  used 
as  the  load.   A  test  was  also  performed  whereby 
the  direct  current  side  of  the  rectifier  was  short 
circuited  for  about  five  minutes,  and  readings  were 
taken  for  power,  current,  and  voltage. 

In  making  the  various  tests,  the  direct  cur- 
rent side  of  the  rectifier  was  loaded  up,  and  read- 
ings were  taken  for  power,  current  and  voltage  for 
the  direct  current  side  as  well  as  for  the  alter- 
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nating   current  side  for   loads   varying  from  five 
to  fifty  amperes,    at  ten   ampere   intervals.       Ihe 
same  process  was  repeated  for    the  vai^ious  voltage 
transformations.      The  above  method  was   followed 
out   in  a   similar  manner,    in  performing    the  rect- 
ifier  experiments,    with   the   other   generators. 
From   the   data   obtained,    in   carrying   out   the    ex- 
periments,   the  power   factor  and   efficiencies  were 
calculated,    and   curves  were  plotted    to   correspond 
to   the  data  and   calculations  as   shown   in   the 
tables    III,    IV,    and  V.    and    the   corresponding   cur- 
ves  are   shown  in    the  plates  V    to  X   inclusive. 

The   efficiency   of    the  rectifier   is    the   out- 
put divided  by   the   input.      Where    the  output  is 
the  direct-current  readings   and   the  input  is 
taken  as    the  alternating-current  watts    taken  by 
the  rectifier. 

The    power  factor   is    the  power   in    the   alter- 
nating-current side,    divided  by    the  product  of 
the  amperes  by    the  voltage  on   the   same   side   of 
the  rectifier.      While  performing    tliese   experim- 
ents,   readings  of    the   rise   in    temperature   of    the 
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outside   surface   of    the  yoke  was    taken  with 
the    thermometer,    while    the  inside  wiring  was 
taken  by  means   of    the    thermoccaple. 

In  making  a    test  with   the    arc   lamp  as 
the  load,    much    trouble  was   encountered   in    try- 
ing   to  get  precise  readings  of   the  instruments. 
This  was   due    to   the   fact   tliat  as    the   carbons 
became    separated,    the   current  changed,    and 
therefore   the   readings  varied.      In  order    to 
obtain  a   constant   current   tlirough    the   arc   lamp 
it  was  necessary    to    either   insert  resistance   in 
series  with    the   arc,    or    to   keep   the  distances 
between    the    carbons    constant. 
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RESULTS. 
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RESULTS. 

The  overall  efficiency  of  the  rectifier 
for  the  different  ratios  of  transformation  of 
voltages  and  corresponding  loads,  varied  from 
about  45  per  cent,  with  an  average  of  about 
60  per  cent.   This  efficiency,  however,  is  not 
the  correct  efficiency  of  the  rectifier  as  it 
includes  the  power  lost  in  the  resistance.  Al- 
though the  power  lost  in  the  resistance  is  large, 
it  cannot  be  dispensed  with,  as  it  is  necessary 
for  the  operation  of  the  arc  lamp.   If  the  ef- 
ficiency of  the  rectifier  were  calculated  inde- 
pendent of  the  resistance,  much  higher  results 
would  have  been  obtained.   In  noting  this  de- 
cided increase  in  efficiency,  it  can  easily  be 
seen  that  it  is  not  fair  to  charge  this  loss  of 
power  to  the  rectifier,  as  the  resistance  is  neo- 
essary  for  the  arc  lamp. 

The  power  factor  of  the  rectifier  changed 
slightly  with  a  variation  of  the  ratio  of  trans- 
formation of  voltage$,and  with  a  change  of  the 
loads.   This  was  found  to  average  about  95  per 
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cent.   In  tiie  two  short  circuit  tests,  the  power 
factor  averaged  about  90  per  cent.,  and  also  when 
an  induction  motor  was  inserted  in  parallel  with 
the  generator,  the  power  factor  averaged  90  per 
cent.   The  purpose  of  this  test  was  to  discover 
what  changes  in  power  factor  would  he  brought 
about  by  the  addition  of  an  inductive  load  being 
placed  on  the  rectifier. 

V/hile  performing  the  above  experiments,  the 
rise  in  temperature  of  motor  on  the  oiitside  sur- 
face of  the  yoke,  as  well  as  the  internal  temper- 
ature, was  taken  simultaneously.   Ihe  results  of 
these  changes  are  shown  on  table  XI.   The  curves 
indicating  these  changes  are  shown  on  plate  XVIII. 
They  are  as  follows:   The  rise  in  temperature  on 
the  outside  surface  was  about  40  degrees  to  about 
45  degrees  Centigrade,  while  the  rise  in  temper- 
ature of  the  interior  of  the  motor  was  about  50 
degrees  Centigrade.   These  readings  were  taken  at 
intervals  of  about  every  half  hour,  throughout 
the  completion  of  the  experiments,  which  took  about 
five  hours. 
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TEST  OF  MOTOR 

The  motor  was    tested  by    the  direct  method 
of   output  and  input.      In  order    to    test  for    the 
efficiency   and  power   factor  of    the  motor   by    the 
direct  method,    a   three   inch  iron   pulley  war-   con- 
structed,   to   fit  a   one-half   inch   shaft  of    the  motor, 
A  prony  brake  was   next  constructed,    which   consis- 
ted  of   a  brass    strip    three   quarters   of   an  inch 
wide.      Grooved  blocks   were    screwed    to   the  brass 
so   as    to   fit   the   pulley.      By   means  of   a    screw, 
the    tension    on    the   pulley   could  be  requested. 

Three  different   experiments  were   performed 
on    the  motor.      Although   they   were   all    of    the   same 
nature,    as  far  as   the    theory   is    concerned,    differ- 
ent conditions  were   chosen  for   carrying   out  each 
one. 

In  performing   the   motor    tests,    the   apparatus 
was   all   disconnected,    and    the   motor   was   directly 
connected    to    the    ter'-ninals   of    the   prime   iT^over.       Ihe 
prony  brake  was  next  attached    to    the  motor,    the 
brake  arm  was  found    to  be   eight  inches   in   length. 
The    scale  used  was  of    the   platform    type   and   could 
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be   read   correctly    to  one-hundredth  of   a  pound. 
The  load  was   increased  at  intervals   of   one   fourth 
pounds,    and  readings   of   volts,    current,    watts   and 
pounds  were    taken.      Having  obtained    the   data  as 
stated  above   and  knowing    the   length  of    the   brake 
arm,    the   efficiency,    power   factor,    and    torque  of 
the  motor  was   calculated.      The  horsepower   output 
of    the   motor  was   calculated  by   means   of    the   equa- 
tion, 

H.P.    =   2  7/   LNP  -  33000 

Where  L   is    the  length   of    the  brak   arm  in  feet,   N 
the  number  of  revolutions   per  minute,    p    the  force 
or   pull   on  scale,    in    pounds.      Vrtien  L  is  given  in 
inches    the   equation  becomes 

H.P.    =   2  1/ LNP   f  (33000   x   12) 
Having    the   output   of  motor    in  H.P.,    the   output  in 
watts  was   calculated  by  multiplying    the  horsepower 
by   746,    since   one  horsepower   is   equivalent   to   746 
watts.       The   efficiency  of   a  motor    is   watts   output, 
divided  by    the  watts   input.       Ihe  power  factor   of 
motor  is  watte   input  divided  by    the   product  of  volt- 
age and   current.       Ihe    torque   is    the   force  in  pounds 
mialtiplied  by    the   length  of   brake   arm   in  feet. 
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In  tlie  second  test,  the  scale  and  method  of 
following  o\it  the  experiment  was  of  the  same  nature 
as  the  first  experiment,  with  only  one  exception  . 
In  the  first  part,  the  length  of  brake  arm  was  eight 
inches,  while  in  the  second  experiment,  a  brake  arm 
of  Uiree  inches  in  length  was  used.   In  the  third  ex- 
periment, the  scale  was  changed  from  a  platform  type 
to  a  spring  balance. 

RESULTS. 

After  calculating  efficiency,  power  factor,  and 
torque,  curves  were  drawn  for  all  three  experiments 
as  shown  on  plates  XII,  XIII  and  XIV.   Ihe  results  ob- 
tained from  the  first  two  experiments  checks  within 
one  or  two  per  cent.   The  results  obtained  with  the 
spring  balance  differ  slightly  from  those  obtained  with 
the  platform  scale.   Ihis  is  due  to  the  fact  that  the 
readings  of  the  spring  balance  could  not  be  taken  as 
accurate  as  those  obtained  with  the  platform  scale, 
Ihe  average  efficiency  and  power  factor  was  rather 
small.   Ihe  maximum  efficiency  obtained  in  the  first 
two  experiments  was  46  per  cent.,  while  the  results 
gotten  by  means  of  the  spring  balance  was  42  per  cent. 
The  maximum  power   factor  obtained  was  about  65  per 
cent.   The  maximum  output  of  the  motor,  in  watts,  was 
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found    to  be   327,    while   the   maximum  horsepower   out- 
put averaged   ,439.       Ihe   values   of    the   output   in 
watts,    and  horsepa^er    checked  within   one-hundredth 
of   one  part.      Although   the   efficiency   of   the  motor 
is   small,    this   is   of    little   importance,    as    the   power 
consumed   in    this   case   is  not  very   great.       Ihree 
tests  were   also  made   v/ith   the   motor   in  order    to    in- 
vestigate whether   or  not   it    takes   more   power    to 
drive    the  motor,    when   a  load   is   placed  upon    the  rec- 
tifier,   than  without  a  load.       The   results    show    that 
there    is  no  difference,    or  a   slight  difference.    Uie 
maximum  power   required    to   operate    the  motor   was 
about  150  watts.       The  maximum  current  was   about  four 
and  one  half   amperes, 

A  number   of   tests   were  made   on    the   low   volt- 
age  circuit  breakc^'    to    see   when   it  drops   out.    At 
each    test   the    circuit  breaker  dropped   out  when    the 
e.m.f.    on    the   alternating    curre^^t   side  was  about 
70  volts. 

A  number   of    tests   were  also   performed   on    the 
rectifier    to  determine    the   effect  of   a    sudden   change 
in   voltage   on    sparking   on    the   commutator.      Results 
showed. there   was   no    sparking  with    change   of  voltage. 
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TEST      OF      THE      TRANSFORMER. 

The    transformer  used  in   these  experiments 
could  be   stepped  down  from  110  or   120  volts    to 
60,    65,    70,    75   and   80  volts.      On    the    transformer 
two  different   tests  were  made;    first  by    the  di- 
rect method,    and   then  by    the   short  circuit  method. 

In   tlie   direct  method  readings  of    the  volt- 
meter,   ammeter   and  wattmeter,    on  both   sides   of    the 
transformer   were    taken.      From    the  data   obtained 
the  product  of  E  and   I   was   calculated,    and    then 
dividing    the  wattmeter  readings  by  EI,    the   power 

factor   of    the    transformer  was   obtained. 

P 


P  =  EI  Cos.  d  or  Cos  ©  = 


EI 
By  dividing  the  wattmeter  reading  of  the  low 

tension  side  by  the  wattmeter  reading  of  the  high 
tension  side,  the  efficiency  was  obtained. 

In  the  short  circuit  method,  reading  of  e.m.f., 
current  and  watts  were  taken  when  a  normal  e.m.f, 
was  impressed  on  the  primary,  with  the  secondary 
open.   Ihis  gave  the  no  load  iron  loss  in  the  trans- 
former.  The  secondary  of  the  transformer  was  next 
short  circuited,  and  such  an  e.m.f.  was  impressed 
on  the  primary  so  as  to  give  full  load  current  on 
the  primary.   As  the  transformer  is  rated  at  about 
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fooykw. , r,  the  full  load  current,  therefore  Is, 
4000  f-  120  =  33.35  amperes.   The  short  circuit 
tests  were  repeated  for  each  ratio  of  transforma- 
tion.  The  readings  of  the  wattmeter  gave  the  cop- 
per loss.   In  ordinary  tests,  after  taking  the  iron 
and  copper  losses,  the  efficiency  of  the  transfor- 
mer could  be  calculated  directly,  as  all  that  would 
be  necessary  would  be  to  assume  a  load  EI  ,  and  the 
efficiency  would  be, 

EI  -  Iron  loss  -  copper  loss 
E  I 

Owing  to  the  fact  that  the  power  lost  in  the 
resistance  wire  was  Included  in  the  wattmeter  of 
the  transformer,  it  was  necessary  to  get  the  read- 
ings of  the  power  loss  In  the  resistance  wire  sep- 
arately. The   power  lost  in  the  resistance  wire  was 
then  subtracted  from  the  total  power,  and  the  effic- 
iency of  the  transformer  was  calculated.   The  results 
of  these  calculations  are  shown  on  tables  VI IT  and 
IX,  while  the  curves  are  indicated  on  plates  XIV,  XV, 
and  XVI.   The  average  efficiency  is  about  90  percent, 
while  the  average  power  factor  is  about  96  per  cent. 


.  V.i    «o  t 
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THEORY  &   CALIBRATION  OF    fflE    'JHEFHOCOUPLE. 

In  making   tests   for    the  rise  in   temperature   of 
a  motor  for   any   period  of    time,    two  methods  were 
followed   out,    -    the   method  by  which  a    thermocaiple 
was  used,    and  by    the  direct  metliod;    that  is,    with 
the   aid   of   a   thermometer. 

THEORY. 

The    theory  of  the  thermocouple  or  the  ther- 
moelectric thermometer  is  as  follows:   Vvhen  two 
different  metals  are  joined  together  in  a  circuit, 
as  shown  in  diagram  IV,  and  one  junction  is  heated, 
an  electromotive  force  is  produced  which  tends  to 
drive  a  current  in  a  certain  direction  as  shown  in 
the  diagram.   Ihis  electromotive  force  increases 
as  the  difference  in  temperature  between  the  two 
junctions  increases.   Therefore,  if  a  galvanometer 
is  inserted  in  the  circuit,  the  deflection  of  the 
galvanometer  will  be  proportional  to  the  electromo- 
tive force,  which  in  turn  is  proportional  to  the 
temperature  rise.   If  the  readings  of  the  deflection 
of  the  galvanometer  in  millimeters  is  calibrated 
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in  terms  of  fre  thermometer  scale,  the  rise  in  tem- 
perature can  be  obtained  direct. 

In  making  the  thermocouple,  two  wires  were 
used,  -  one  of  copper,  and  the  other  of  cons  tan tine, 
(an  alloy  of  copper  and  nickel).   Ihe  ends  of  these 
wires  were  soldered  together,  forming  two  junctions. 
The  calibration  of  this  thermocouple  was  as  follows: 
One  junction  was  placed  in  a  bepi'rer  of  ice  water, 
and  kept  at  a  constant  temperature  of  zero  degrees 
Centigrade.   The  other  junction  was  placed  in  a 
beaker  containing  warm  water.   The  temperature  of 
the  water  in  the  latter  beaker  was  increased  in 
five  degree  steps.   Before  taking  the  readings, 
the  water  was  stirred  thoroughly,  thereby  obtain- 
ing a  uniform  temperature  througho\it.   Tlien  read- 
ings of  the  thermometer  in  degrees  Centigrade,  and 
the  corresponding  deflection  of  the  galvanometer, 
in  millimeters,  were  observed.   From  tl:ie  data  ob- 
tained, a  curve  was  drawn  with  readings  of  the  de- 
flection of  the  galvanometer,  in  millimeters,  as  ab- 
scissae, and  the  thermometer  readings,  in  degrees 
Centigrade,  as  ordinates.   By  means  of  this  curve 
any  deflection  of  the  galvanometer  can  be  read  off 
in  terms  of  tlie  temperature  in  degrees  Centigrade. 
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OSCILLOGRAPH   AND   IHE   WAVE  FORMS. 

TVie  current  and  e.m.f.  waves  were  taken  with 

the  oscillograph. 

IKE  OSCILLOGRAPH. 
An  ordinary  galvanometer  shows  no  deflection 
from  an  alternating  current,  because  Uie   needle  sys- 
tem has  so  much  inertia  that  it  cannot  follow  th.e 
rapid  impulse  from  the  alternating  current.   Blondel 
made  a  galvanometer  with  very  light  moving  parts  and 
of  high  frequency,  so  that  the  needle  system  can  fol- 
low the  change  in  the  alternating  currents,   A  gal- 
vanometer with  a  high  frequency  needle  system,  so  that 
its  deflections  show  the  variation  in  alternating  cur-- 
rents,  is  an  oscillograph.   The  oscillograph  consists 
of  a  narrow  loop  of  pure  silver  -    strip,  which  is 
stretched  with  considerable  tension  by  a  spring  so 
as  to  have  a  very  short  natural  period  of  vibration. 
This  is  in  the  strong  magnetic  field  and  placed  with 
the  plane  of  the  loop  parallel  to  the  magnetic  field. 
The  strip  is  thus  twisted  by  the  magnetic  force  when 
a.  current  passes  through  the  loop.  The   natural  fre- 
quency of  the  loops  is  commonly  from  3000  to  10,000 
vibrations  per  second,  so  that  its  deflection  can  fol- 
low very  closely  all  ordinary  vibrations  in  alternating 
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currents.   ITie  deflections  are  recorded  by  a  beam 
of  light  which  is  reflected  from  a  small  mirror  at- 
tached to  the  loop.   This  beam  of  light  falls  on  a 
photographic  plate  which  moves  at  right  angles  to 
the  deflection.   It  thus  leaves  a  curve  showing  the 
variations  of  the  currents  and  e.m.f.s. 

After  connecting  up  the  machine  as  outlined  in 
the  directions,  a  number  of  oscillographs  of  the  var- 
ious machines  with  different  loads  were    taken,  with 
a  view  of  obtaining  a  small  intimate  knowledge  of 
its  performance. 

WAVE  FORMS. 

Ihe  shape  of  the  e.m.f.  curve  of  an  alternator 
depends  upon  the  shape  and  distance  apart  of  the  pole 
pieces  of  the  field  magnet,  and  upon  the  distribution 
of  the  armature  winding. 

V/henevor  a  band  of  armature  wires  are  cutting  a 
uniformly  distributed  flux  under  the  pole  pieces,  tiie 
resulting  e.m.f.  will  be  one  of  a  straight  line  with 
a  flat  top. 

V'/hen  an  alternating  electromotive  force  acts 
upon  a  circuit  which  contains  resistance  only,  that 
is,  a  circuit  which  has  a  negligibly  small  inductance 
and  which  docs  not  include  a  condenser,  the  current 
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curve  Is  exactly  the  same  shape  as  the  e.m.f.  curve, 
inasmuch  as  the  current  is  equal  at  each  instant, 
to  the  e.m.f.  divided  by  the  resistance. 

The  Have  forms  of  tils  rectifier  are  shown  in 
figures  I  to  VIII  inclusive.   The  first  two  figures 
show  the  wave  forms  of  e.m.f,  and  cur»^ent  wl  th  a  n;en- 
erator  that  gives  an  approximate  sine  wave.  Figures 
III  and  IV  show  the  wave  form  with  a  sine  -.vave  gener- 
ator as  a  prime  mover. 

Fig.  V  shows  the  wave  forms  ^ith  peaked  wave 
generator  as  a  prim.e  mover.   Figure  VI  shows  the 
wave  forms  with  the  same  generator,  but  in  this  case 
a  different  load  was  used.   Ihe  last  two  figures  show 
the  wave  forms  with  an  arc  light  as  load.   In  all  these 
oscillograms  the  current  seems  to  be  in  pliase  with  the 
electromotive  force. 
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DIAGRAMS. 


Diagram  I    shows    the   front  view   and   complete 
rear  wiring  of    the   switchboard  for    the  Mechanical 
Rectifier.      Upon    the   switchboard   is   placed    tlie   fol- 
lowing:     a  resistance  wire,    lamp,    polari  tj'   switch, 
low  voltage   circuit  breaker,    transformer   and    the 
motor.       The  wiring   of    this    switchboard   is  as   shown 
in    the   diagram. 

Ihe   alternating   current  supply   starts  from  the 
generator   and  leo.ds  directly    to    the  upper   switch 
of    the  board.      From   the    switch   it  branches   off  as 
follows:-    two   leads   are    connected    to    the   motor, 
while   the   next  two        are   connected   to    the    transfor- 
mer.     In   the  reversing   switch,    the  upper  wire  of 
one    side  of    the   switch   is   connected   to    the   lower 
part  of    the  other,    while   the  lower   side   is    connec- 
ted   to    the  upper  part  of    the   other   side   of    the   re- 
versing  switch.      One    side   of    the    central    point  of 
the   switch  is    connected   to    Uie  ammeter,    v/hile    three 
wires  go    to    the   following  places:-   one    to    the   low 
voltage   circuit  breaker;    the    second    to    the    small 
lamp,    while    the    third   is   connected    to    the   direct- 
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current  side   of    the   outgoing   line.      From    the   am- 
meter another   wire  leads    to    tlie  direct-current 
side   of    the   outgoing  line,    while   one   is   connected 
to    the    circuit  breaker;    the    second    to    the   lamp  and 
a    third    to    the  outgoing  direct-current  1  ine.      From 
the   resistance  wire   one   wire   leads    to   a  bn,xsh  of 
the  motor,   while    the  other   side  of    tlie  resistance 
leads    to    the    second   side   of    the   circuit  breaker. 
Ihe   second  brush   of    the   motor   is    connected   to    the 
primary   of   the    transformer,    while    the    third   and 
fourth  brushes   are   connected   to    the  opposite   sides 
of    the   reversing    switches.      From   all    the    tap   of    the 
transformer   is   connected  a  wire  directly    to    the 
circuit  breaker,    for    the   purposes   of   making   a   cir- 
cuit between   any   of    the    transformations. 

Diagram  II    shows    the   complete   wiring  diagram, 
a   scheme   of   connections   for    performing    the  various 
tests   of    the   rectifier.    From   the   generator    two 
leads   are    connected    to   points   1   and   2   on    the    selector 
switch.      From   tlie   opposite   points   of    the    selector 
switch    t'pere   are    two   wires   leading    to    the   alternat- 
ing-current switch  of    the  rectifier.      From    the   di- 
rect-current switch   of    the   rectifier,    there   are    two 
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wires  which  lead  back  to  pointF  5  and  6  of  the 
selector  switch  and  from  the  other  side  of  the 
switch  there  are  connections  made  to  lamp  rack. 
Ihe  ammeter  and  wattmeter  are  both  connected  in 
series  to  two  points  on  the  selector  switch. 
These  two  points  ?.re  connected  to  the  selector 
switch,  in  such  a  way  that  the  readings  of  the 
in.struments  are  indicated  for  the  direct-current 
as  well  as  alternating-current  side.   Ihe  volt- 
meter and  frequency  meter  are  connected  directly 
to  the  potential  posts. 

Diagram  III  shows  the  connections  for  meas- 
uring power  in  a  resistance  wire.   The  ammeter 
and  the  current  coil  of  the  wattmeter  are  connec- 
ted in  series  with  the  resistance  wire,  while  the 
potential  plugs  of  the  wattmeter  are  connected  to 
the  opposite  side  of  the  resistance  wire.   A  lamp 
rack  is  also  connected  on  one  side  of  the  line  in 
order  to  obtain  any  low  current  which  may  be  de- 
sired. 
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TABLES . 

Table   I.    shows    the  data   of    the   calibration 
of    the  voltmeter,    ammeter,    and  wattmeter.      Column 
one  gives    the    correct  readings   of    the   standard   in- 
struments,   while   colum.ns    two   and    three   indicate 
the  readings   of    the   instruments  which  were   calib- 
rated.      Two   sets    of   data  were    taken   for   each   in- 
strument,   and   the   average   of    the   two  readings   was 
tabulated  as   shown   in   column  four.      Column  five 
gives   the   actual   error  in  volts,    amperes  and  watts. 
Column   six  indicates    the   per   cent,    error. 

Table  II.    shows    the   data  for    the   calibration 
of    the    thermocouple.      Column  one   indicates    the   de- 
flection of    the  galvanometer   in   millimeters.    Column 
two   Eho'.VG    the    corresponding  readings   of    the    ther- 
mometer  in   degrees   Centigrade. 

Table  III.  shows  the  data  and  calculations  for 
efficiency,  and  power  factor  of  the  rectifier,  with 
approximate  sine  wave  generator,  using  the  arc  lamp 
as  load.  The  first  three  columns  give  the  readings 
of  voltage,  current,  and  watts  for  the  alternating- 
current  side  of  the  rectifier,  while  the  next  tiiree 
columns  of   E,    I,    and  W,    for    the   direct-current   side 


41. 


of  the  rectifier.   Column  seven  indicates  the 
product  of  the  impressed  alternating -current  volt- 
age or  EI.  Colu-nns  eight  and  nine  show  the  results 
of  percentage  power  factor  and  per  cent,  efficiency. 
Column  ten  indicates  the  number  of  cycles  of  the 
prime  mover  which  was  kept  constant  at  sixty  cycles, 

Tables  IV.  and  V.  are  of  the  same  order  as 
the  preceding  table,  with  the  exception  of  the  wave 
form  of  the  generators  used.   A  generator  giving 
a  peaked  wave  was  used  in  obtaining  the  data  as 
shown  in  table  IV.  ,  while  a  generator  giving  a  sine 
wave  was  used  in  obtaining  the  data  shown  in  table 
V.   In  both  cases  lamp  racks,  and  resistance  boxes 
were  used  as  loads. 

Table.  VI.  shows  three  sets  of  data  and  calcu- 
lations of  the  rectifier,  using  an  approximate  sine 
wave  generator.   Ihe  first  set  of  data  was  taken 
when  the  arc  lamp  was  used  as  load,  the  second  set 
of  data  was  observed  when  an  induction  motor  was  in- 
serted in  parallel  with  the  generator.   The  third 
set  of  data  was  taken  when  the  load  was  short-cir- 
cuited for  a  short  period  of  time. 
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Ta.ble  VII.    is   composed   of    two   sets   of  data 
ajid    calculations   for    tests   of   motor.       The   first 
three   columns   indicate    the    instrument  readings   of 
E,    I,    and  W,       The   fourth   column   shows  results   in 
pounds  as  indicated  by    the   platform   scale. 

Column  five   indicates    the  products   of   volt- 
age  and   current.      Column    six  indicates    the  horse- 
power  output  of  motor,    while    column    seven   shows 
ti-:e   output  of    the   motor   in  watts.      Column   eight 
and  nine   indicates    the  results   of    the   per   cent,    ef- 
ficiency  and  per   cent  power  factor.      Ihe  last  col- 
umn  in    tlie   above    table   indicates    the    torque   in 
pound  feet. 

Table  VIII.    corresponds    to   the   preceding   table 
with    the   exception    that  a   spring  balance  was  used 
in  obtaining    the   weight. 

Table   IX.       Ihis    table   shows    the   data   and   cal- 
culationp   for    the    transformer  by    the  direct  method. 
The   first   three   columns   indicate  E,    I,    and  W   of    the 
primary   side   of    the    transformer,    while    the  next   three 
columns   show    the  readings  of  E,    I,    and  V/  as   obtained 
on    the    secondary  of    the    transformer.      Column   seven 
indicates    the   product  of  E  and   I    of    the  primary   side. 
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while   the  last   two   columns   show   the   final   results 
of    the   per   cent,    efficiency  and  per   cent,    power 
factor. 

Table  X.    is    similar    to    that  of    table  nine, 
but  in   this    table    the  data  was   obtained  by   th3 
method  of   losses. 

Table  XI.  shows    the   watts   lost    in   the   resist- 
ance  wire   for   various   loads.      All    of    the  voltmeter 
readings  are   not   tabulated,    as    they  are  unnecessary 
for   obtaining   the  results  desired. 

Ifeible  XII.    shows    the   rise   in    temperature    of 
the  motor   for    two  different  periods,    at  intervals 
of   about  one  hour.       Ihe    thorniometer   readings  were 
obtained  by  placing   the    thermometer   in    contact  with 
the  yoke   of    the  motor,    while    the    thermocouple  read- 
ings were    taken   for    the   inside   part  of    the  motor. 
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CURVES. 

Plates  I,  II,  and  III  show  the  calibration 
curves  of  the  voltmeter,  ammeter  and  wattmeter 
respectively,   Ihe  true  readings  of  the  standard 
instruments  were  plotted  as  the  abscissae,  while 
the  readings  of  the  instruments,  used  in  perform- 
ing these  experiments,  were  plotted  as  the  ordin- 
ates, 

Plate  IV  shows  the  calibration  of  the  thermo- 
couple, with  deflection  of  the  galvanometer,  in 
millimeters, as  abscissae,  and  the  corresponding 
readings  cf  the  thermometer,  in  degrees  Centigrade, 
as  the  ordinate. 

Plates  V  and  VI  show  the  efficiency  and  power 
factor  curves  for  the  Mechanical  Tvectifier  with  an 
approximate  sine  wave  generator.   Five  curves  were 
drawn  for  the  five  ratios  of  voltage  transform.a- 
tions  as  obtained  from  table  three.   Ihe  curves  are 
indicated  by  the  letters  A,  B,  C,  D  and  E. 

Curve  A  indicates  the  ratio  of  transformation 
of  120  to  60  volts. 
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Curve  B,  the  ratio  of  120  to  65. 

Curve  C,   "     "    "   120  "   70. 

Curve  D,   '•    "    "   120  "   75. 

Curve  E,   "     "    "   120  "   80. 

The  load  in  amperes  was  plotted  as  the 
abscissa,  while  the  per  cent,  efficiency  and 
power  factor  as  ordinates. 

Plates  VII,  VIII,  IX,  and  X  are  similar  to 
V  and  VI,  with  the  exception  that  the  curves  on 
the  plateVli,  and  VIII  were  plotted  for  the  data 
obtained  with  tlie  peaked  wave  generator  as  the 
prime  mover,  and  the  curves  on  the  plate  IX  and 
X  were  plotted  for  the  data  obtained  with  the 
sine  wave  generator  as  prime  mover. 

Plates  XI,  XIII  and  XIII  show  the  curves  for 
per  cent,  efficiency,  per  cent,  power  factor,  and 
torque  in  pound  feet  for  the  motor.   Ihe  output  of 
the  motor,  in  watts,  was  plotted  as  the  abscissae, 
while  the  per  cent,  efficiency,  per  cent,  power  fac- 
tor; and  torque  in  pound  feet  as  ordinates.   Plate  XI 
represents  the  curves  drawn  for  tlie  prony  brake  test 
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of  the  motor,  using  a  platform  scale  e.nd   brake  arm 
of  eight  inches  in  length.   In  the  following  plate 
the  same  scale  was  used,  but  the  brake  arm  was 
changed  to  three  inches  in  length.   In  plate  XIII, 
the  same  brake  arm  of  three  inches  was  used  but  a 
spring  balance  was  used  instead  of  a  platform  scale. 

Plates  XIV,  XV,  XVI,  were  drawn  for  the  data 
obtained  in  the  tests  of  the  transformer.   In  t>'is 
test  data  was  also  obtained  for  the  various  ratio 
of  transformation,  and  efficiency  and  power  factor 
curves  were  plotted.   Each  curve  is  specified  by 
the  letters  A,  B,  C,  D  and  E,  the  meaning  of  which 
has  been  explained  in  the  curves  for  the  rectifier. 
Ihe  loads  in  amperes  were  plotted  as  abscissae,  while 
the  ordinates  represented  the  per  cent,  efficiency, 
and  power  factor.   Ihe  curves  on  plate  XIV  and  XV 
were  drawn  from  data  obtained  by  the  direct  method, 
while  in  plate  XVI  the  curves  were  drawn  from  the 
data  obtained  by  the  method  of  losses, 

Plate  XVII  shows  the  curve  representing  the 
watts  lost  in  the  resistance  wire  for>»rious  loads. 
In  amperes.   Ihe  loads  in  amperes  '.vere  plotted  as 
abscissae,  while  the  I^R  loss,  in  watts,  as  the  or- 
dinates. 
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Plate  XVIII    shows    tl-ie   curves  for    the  rise   in 
temperature   in    the   rpotor    taken  at  different  per- 
iods.     Curves   I   and   II   are   for    the   results   ob- 
tained with    the    thermometer,    while   curves   III   and 
IV  are   for   the   results   obtained  with   the    thermo- 
couple.     The    time,    in  hours,    was   plotted  as  ab- 
scissae,   while    the   rise  in    temperature,  in  degrees 
Centigrade  was  plotted  as   ordinates. 
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CONCLUSION 
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CONCLUSION. 

After  performing  several  experiments  'vlth 
the  rectifier,  we  came  to  the  conclusion  that  this 
rectifier  Is  c.s  good  or  better  than  the  average 
rectifier  placed  on  the  market,  for  the  following 
reasons:   the  efficiency  of  the  rectifier  itself 
is  as  high  as  any  of  the  rectifiers  now  being  used. 
'Ihe  power  factor  approaches  very  nearly  unity.   The 
floor  space  occupied  by  this  rectifier  is  very  small. 
The  only  difficulty  encountered  with  it  was  in  over- 
coming the  sparking  of  the  brushes  when  an  overload 
was  placed  on  the  rectifier.   There  is  no  doubt 
whatever  that  this  difficulty  will  soon  be  elim- 
inated through  some  slight  changes,  and  this  rect- 
ifier will  be  the  one  that  will  be  used  to  a  great 
extent  in  the  moving  picture  industry. 
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W 
Std. 


Table  I. 
Data  for  Calibration  of  Instruments. 


W, 


w 


1. 


w 

Average 
Wattmeter. 


Error 

Watts 


Percent. 
Error 


1100 

1090 

1100 

1095 

5 

.45 

2200 

2187 

2200 

2193 

7 

.318 

3300 

3300 

3300 

3300 

0 

.000 

4400 

4400 

4400 

4400 

0 

.000 

5500 

5500 

5500 

5500 

Ammeter. 

0 

.000 

A 

Ar. 

Ai. 

A 

Error 

Percent 

Std. 

Average 

in  Amp. 

Error. 

8 

7.9 

7.9 

7.9 

.1 

1.2 

12.0 

11.8 

11.8 

11.8 

.2 

1.6 

16.0 

15.8 

15.85 

15.82 

.18 

1.12 

20.0 

19.9 

19.35 

19.87 

.13 

.65 

24.0 

24. 

23.35 

23.93 

.07 

.29 

28.0 

27.8 

27.90 

27.85 

.15 

.525 

32.0 

31.8 

31.85 

31.825 

.175 

.535 

36.0 

35.8 

35.85 

35.82 

.18 

.486 

40.0 

39.8 

39.85 

39.82 

.13 

.437 

44.0 

43.8 

43.85 

43.82 

.18 

.397 

48.0 

48.0 

48.0 

48.00 

0 

0 

52.0 

52.0 

52.0 

52.00 
Voltmeter. 

0 

0 

Std.  Read. 


V     Error 
aver. 


V    V    V2 
Std.  Read. 


V    Error 
aver. 


10 

20 

30 
40 
50 
60 


9.9 
20.3 
29.9 

39.9 
49.8 
59.9 


10.3 

19.9 

30.5 

40 

50.2 

60.3 


10.1 

20.1 

30.2 

39.95 

50.0 

60.1 


.1 
.1 
.2 

.025 

.0 

.15 


70  70.1 

80  80.2 

90  90.4 

100  100 


70.5  70.3 

80.2  80.2 

90.1  90.85 

100.5  100.25 


110  110.5  109.8  110.15 
120  120.6  119.3  120.2 


,3 
o 

,25 
,25 
,15 
,2 


•     ■ 
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Table  II. 


Calibration  of  Galvanometer 


for  Thermo  -  Couple. 


Deflection 

of 

Corresponding 

Deflection 

of 

Corresponding 

Galvanometer 

degrees  in 

Galvanometer 

degrees  in 

in  mm. 

Centigrade. 

in  mm. 

Centigrade. 

10 

3.05 

150 

42.95 

20 

6.0 

160 

465 

30 

9.0 

170 

50.3 

40 

12.1 

180 

53.3 

50 

15.0 

190 

56.0 

60 

13. 

200 

59.0 

70 

20.85 

210 

62.0 

80 

23. 

220 

65.0 

90 

26.3 

230 

68.0 

100 

29.0 

240 

71.0 

110 

31.9 

250 

74.0 

120 

34.8 

260 

76.8 

130 

37.0 

270 

80.0 

140 

40.0 

280 

83.0 

I 
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Table   131. 


Data  and   Calculation  of  Rectifier  with 
Approximate  Sine   Wave  Generator  Using 
Arc  Lamp  as  Load. 


a.c, 


E 


a.c, 


W 


a.c. 


^d.c.      E^.c.      l^d.c.      E  ^   I       ^  PF 
Ratio   of    Transformation  110-60 


%  Eff.    cycle 


20.0 

110 

1420 

17.10 

47.0 

745 

2200 

64.5 

52.5 

60 

21.8 

110 

1600 

26.25 

38.5 

985 

2400 

67.0 

61.5 

60 

26.3 

110 

1900 

39.00 

25.0 

960 

2920 

72.25 

50.6 

60 

30.5 

111 

2425 

45.00 

19.5 

900 

3385 

72.00 

37.1 

60 

31.5 

111 

2520 

47.50 

13.0 

770 

3500 

72.00 

30.55 

60 

Ratio 

of  Transformation  110-70 

14.5 

111 

800 

10.00 

62.2 

620 

1610 

49.8 

77.50 

60 

17.5 

108.5 

1275 

18.5 

53.0 

980 

1900 

66.35 

77.00 

60 

24.25 

110.8 

1880 

29.0 

45.0 

1320 

2658 

70.00 

70.50 

60 

26.3 

109.5 

2125 

34.0 

39.5 

1348 

2910 

73.20 

69.70 

60 

32.8 

112.5 

2700 

42.5 

31.0 

1380 

3710 

73.00 

73.00 

60 

34.5 

110.5 

2750 

46.0 

24.0 

1230 

3820 

72.00 

72.00 

60 

Ratio 

of  Transformation  110-80 

15.75 

110.0 

960 

13.0 

70.0 

830 

1727 

54.4 

72.2 

60 

17.00 

110.0 

1085 

15.5 

67.5 

950 

1870 

58.0 

72.2 

60 

20.25 

110.0 

1400 

20.4 

62.5 

1220 

2227 

62.8 

69.00 

60 

26.30 

110.5 

2000 

29.5 

54.0 

1540 

2905 

69.9 

62.85 

60 

33.30 

110.5 

2650 

39.0 

44.0 

1690 

3680 

72.0 

58.20 

60 

39.50 

111.5 

3175 

45.0 

37.0 

1640 

4400 

72.15 

56.0 

60 
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Table    TV  . 

Data  and   Calculation  of  Rectifier  with 
Peaked   Wave  Generator  Usin^  Lamp  Rack 
as   Load. 


E 


a.c, 


"a,c, 


^a.c.         E^.c.      Id.c.      ^d.c.      IE        Eff.    P.F.      cycles 
Ratio   of    Transformation   120-60 


119.0 

6.0 

250.0 

0.0 

0.0 

0.0 

714      0.0 

35.0 

60 

113.0 

15.6 

1650.0 

72.0 

15.8 

600 

1865    36.4 

90.5 

60 

122.0 

24.4 

2720.0 

62.3 

28.0 

1780 

2978   65.5 

91.0 

60 

123.0 

30.8 

3650.0 

53.5 

37.4 

2000 

3790   56.3 

93.5 

60 

120.0 

42.4 

4950.0 

35.0 

53.0 

1900 

5080   38.5 

97.0 

60 

Ratio   of 

Transformation 

120-65 

120.5 

6.5 

225.0 

0.0 

0.0 

0.0 

784      0.0 

28.75 

60 

124.0 

19.8 

2275.0 

70.5 

22.0 

1528 

2460  66.6 

92.50 

60 

120.0 

26.6 

3175.0 

51.0 

31.0 

1625 

3190   62.3 

99.0 

60 

123,0 

40.0 

4750.0 

37.5 

53.0 

1950 

4920  41.2 

96.5 

60 

Ratio   of 

Transformation 

120-70 

118.0 

6.5 

300.0 

0.0 

0.0 

0.0 

769      0.0 

37.9 

60 

121.0 

22.0 

2500.0 

61.0 

26.8 

1575 

2660  63.0 

93.85 

60 

119.5 

51.0 

3575.0 

42.5 

41.0 

1700 

3710  48.0 

96.20 

60 

122.0 

39.0 

4600.0 

32.5 

52.8 

1700 

4760   37.0 

96.90 

60 

Ra 

tio   of 

TY'ansf  orma  ti  on 

120-75 

121.5 

6.8 

300.0 

0.0 

0.0 

0.0 

820      0.0 

36.20 

60 

122.0 

22.2 

2500.0 

53.5 

27.6 

1500 

2706   60.0 

91.75 

60 

122.5 

30.2 

3675.0 

39.5 

41.6 

1650 

3700  44.8 

99.0 

60 

116.5 

36.0 

4050.0 

28.5 

49.2 

1425 

4200   35.2 

96.6 

60 

Ra 

tio   of 

Transformation 

120-80 

120.0 

7.2 

325.0 

79.5 

0.0 

0.0 

864      0.0 

39.75 

60 

120.0 

20.8 

2325.0 

54.5 

25.4 

1400 

2490    61.4 

93,3 

60 

122.0 

30.0 

5475.0 

41.0 

40.8 

1600 

3000  46.0 

95.0 

60 

120.0 

35.0 

4000.0 

28.5 

48.6 

1400 

4275   35.0 

95.8 

60 
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Table  V. 


Data  and  Calculation   of  Rectifier 
with   Sine  Wave  Generator  using 
Lamp  Rack   as  Load. 


Ratio   of    Transformation   120-60 


% 

F 

^a.c. 

Ea.c. 

^a.c. 

^d.c. 

Ed.c. 

^d.c. 

IE 

P.F. 

Eff. 

eye: 

8.2 

122,5 

380 

00.0 

112.5 

1000 

998.0 

38,02 

00.0 

60 

16.0 

120.0 

1700 

15.6 

83.5 

1175 

1922 

88.25 

69.0 

60 

20.6 

120.5 

2250 

24.8 

76.0 

1490 

2482 

90.75 

66.2 

60 

26,5 

120.2 

3025 

31.0 

64.0 

1825 

3200 

94.60 

58.7 

60 

35.75 

120.0 

4187 

45.0 

44.5 

2025 

4300 

95.40 

48.4 

60 

Ratio   of    Transformation   120-65 


8.0 

122.0 

7.2  x50  00.0 

100.0 

COO 

975 

37.0 

00.0 

60 

12.2 

120.0 

24.0  "  10.0 

89. 0 

800 

1462 

82.0 

66.6 

60 

20.2 

120.0 

45.5  "  26.6 

74,0 

1485 

2412 

94.5 

65.8 

60 

23.2 

120.0 

65.5   "  34.7 

57.5 

1840 

3380 

96.8 

54.7 

60 

34.8 

120.5 

82.0  "  43.  S 

4e.o 

1900 

4200 

97.6 

46.8 

60 

Ratio   of    Transformation   120-70 


7.0 

120.0 

337.5 

00.0 

96.5 

0000 

840 

40.2 

00.0 

60 

14.2 

120.0 

1650 

16.4 

78.0 

1125 

1705 

96.6 

68.25 

60 

21.8 

120.0 

2500 

26.0 

65.0 

1550 

2498 

95.6 

62.25 

60 

32.0 

120.0 

3725 

33.8 

44.9 

1735 

3840 

96.8 

46.60 

60 

Ratio   of    Transformation   120-75 


7.0 

120.0 

325 

00.0 

72.0   000 

840 

38.7 

00.0 

60 

17.0 

120.0 

1400 

20.0 

58.0  1250 

2040 

94.75 

66.0 

60 

20.7 

120.0 

2350 

25.5 

53.0  1475 

2483 

94.7 

62.7 

60 

30.2 

120.0 

3525 

40.15 
Ratio  of 

41.0  1675 
Transformati 

3620 
on  120. 

97.25 
-30 

47.6 

60 

7.0 

120.0 

375.0 

00.0 

69.0   000 

840 

38.7 

00.0 

60 

16.4 

120.2 

1775 

18.5 

56.5  1175 

1970 

90.0 

66.3 

60 

20.2 

120.5 

2270 

25.6 

50.5  1375 

2430 

92.6 

61.2 

60 

29.0 

120.0 

3375 

39.6 

38.5  1550 

3480 

97.0 

45.8 

60 

Arc.    Lamp  as  Load. 


23.0 

122.0 

255 

25.0 

62.0  1725 

2810 

91.0 

69.7 

60 

28.6 

121.0 

3525 

34.2 

54.0  197.5 

3470 

96.0 

59.4 

60 

56. 


Table  VI. 


■a.c, 


^a.c, 


W 


a.c, 


29.4 

118 

3080 

40.39 

40 

36.8 

120 

3950 

42.5 

47 

42.0 

120 

4600 

50.8 

39 

52.6 

119 

6000 

•  •  •  • 

.  . 

Data  and   Calculation  of 
Rectifier  Under  Various 
lists. 

%  %  f 

Id.c.      E^.c.      %.c.    Eff.      P.F.      cyclee        EI 

Using  Arc  Lamp  as   Load, 


1600  52,  88.8  60  3465 
1875  47.50  91.0  60  4340 
1675  36.5  91.2  60  5040 
95.8  60  6260 


When  an  Induction  ^iotor  was  inserted  in  Par- 
allel with  the  generator,  the  following  res- 
ults were   obtained: 

F 
I.  E.  W.      cycles      P.F. 


17.1 

120.6  1870 

60 

90.8 

16.9 

120.0  182C 

60 

90.0 

When  load  was  short  circuited  for  about  5  min. 
the  following  results  v/ere  obtained: 


I. 


E. 


W. 


EI 


P.F. 


12]j6    40    4800  4860    98.9 
121     38   4700   4690    99.8 
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Table  VII. 


Data   and   Calculations   for  Motor   of  Rectifier 


E 


I. 


P. 


Ou  tpu  t     0 1 1 Du  t.  F  t .  Lb  s . 

E.I.      P.P.      H.P.        in  watts  Eff,       Torque     RPM. 


Brake  Arm  8"    -  Net  Wt.    4.58  lbs.    Platform   Scale. 


122.0 

5.25 

150 

4.64 

640 

23.45 

.0137 

10.2 

6.3 

.106 

1800 

118.0 

7.9 

325 

5.00 

933 

34.8 

.1415 

105.5 

32.5 

.28 

1800 

119.0 

7.95 

425 

5.5 

945 

45.0 

.211 

157.0 

37.0 

.614 

1800 

118.0 

8.30 

550 

6.0 

980 

56.0 

.325 

250 

45.4 

1.09 

1800 

120.5 

8.90 

650 

6.25 

1092 

57.25 

.382 

284 

1.28 

1800 

Brake  Arm 

3"  -  K 

et  Wt. 

4.34  lbs 

.  Platform  Scale. 

121.0 

5.1 

150 

4.75 

615 

23.40 

.0366 

27.3 

•  •  •  • 

.102 

1300 

121.0 

5.2 

175 

5.00 

628 

27.90 

.0588 

53.8 

30.7 

.165 

1800 

120.5 

5.38 

200 

5.25 

648 

30.9 

.0812 

60.5 

30.8 

.23 

1800 

120.5 

5.6 

225 

5.50 

673 

33,5 

.1038 

77.35 

30.8 

.29 

1800 

120.3 

5.9 

250 

5.75 

710 

35.25 

.1302 

92.15 

31.2 

.36 

1800 

118.0 

7.65 

375 

6.00 

885 

42.45 

.148 

110.2 

31.5 

.415 

1800 

117.5 

7.7 

400 

6.25 

905 

44.3 

.1705 

127.0 

31.8 

.475 

1800 

118.5 

7.4 

400 

6.50 

870 

45.6 

.1925 

143.5 

35.9 

.570 

1800 

118.5 

7.45 

425 

6.75 

883 

48.20 

.215 

160.0 

37.6 

.60 

1800 

118.0 

7.6 

450 

7.00 

897 

50.2 

.2370 

177.0 

39.3 

.665 

1800 

118.0 

7.8 

475 

7.25 

895. 

52.9 

.2580 

192.4 

40.5 

.73 

1800 

118.0 

7.9 

500 

7.50 

920 

54.4 

.287 

210.3 

42.10 

.79 

1800 

118. 0 

8.05 

525 

7.75 

93.2 

56.25 

.304 

226.3 

43.15 

.85 

1800 

118.0 

3.20 

550 

8.00 

950 

58.0 

.327 

243.7 

44.25 

.914 

1800 

118.0 

7.6 

580 

8.25 

968 

59.9 

.349 

266.0 

44.80 

.98 

1800 

117.0 

8.38 

600 

8.50 

974 

61.6 

.357 

266.0 

44.40 

.98 

1800 

110.0 

9.20 

700 

9.00 

1010 

69.35 

.438 

327.0 

46.65 

1.05 

1800 
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E 


Tabl 

e  VIII. 

Data  fc   Galcula 

tionfbr 

Motor 

of  Rectifier. 

% 

Ou  tpu  t 

I. 

W. 

P. 

EI. 

P.P. 

H.P. 

In  watts 

Eff. 

Torque 

RPM. 

Brake  Arm  3" 

-   Sprii 

ng  Balance. 

4,8 

150 

.25 

593 

25.25 

.0222 

15.8 

10.52 

.062 

1800 

5.0 

180 

.50 

613 

29.5 

.0446 

33,3 

18.45 

. .  125 

1800 

5.0 

200 

.75 

612 

32.7 

.0668 

49.8 

19.8 

.187 

1800 

5.2 

225 

1.00 

636 

35.38 

.0890 

66.4 

29.5 

.250 

1800 

5.4 

250 

1.25 

657 

38.10 

.1125 

82.0 

32.75 

.312 

1800 

7.4 

375 

1.50 

885 

43.8 

.1337 

99.5 

26.50 

.375 

1800 

7.4 

390 

1.75 

885 

44.15 

.156 

116.4 

29.85 

.431 

1800 

7.5 

410 

2.00 

897 

45.60 

.178 

132.8 

32.4 

.500 

1800 

7.6 

440 

2.25 

909 

48.25 

.202 

149.5 

34.0 

.562 

1800 

7.7 

475 

2.50 

921 

51.60 

.222 

165.5 

34.8 

.624 

1800 

7.8 

500 

2.75 

932.5 

53.60 

.245 

183.0 

36.6 

.688 

1800 

7.9 

525 

3.00 

945 

55.5 

.267 

199.0 

37.9 

.750 

1800 

8.0 

550 

3.25 

957 

57.5 

.289 

225.5 

41.0 

.812 

1800 

8.1 

558 

3.50 

968 

57.7 

.312 

232.7 

41.7 

.874 

1800 

8.3 

600 

3.75 

992 

60.5 

.334 

249. 

41.5 

.935 

1800 

8.6 

650 

4.00 

1028 

63.5 

.356 

273. 

42.2 

1.00 

1800 

rji. 
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Table   IX. 


E, 


Data  and    Calculation   of    Transformer  by  Direct  Method. 

%  % 

Wp  Ig        Eg        Wg        EI.         W^      W^+Wg        P.F.  Eff. 

Ratio  cf    Transformation  120-60 


4.2 

121.5 

25 

0.    90     0 

511 

0    0 

4.9 

000 

4.5 

120.5 

210 

1.5   88    175 

542.5 

1  10    185 

38.8 

90 

14.7 

120.0 

1625 

18.2   73.5  1325 

1765 

200  1525 

93.0 

94 

25.9 

121.0 

3025 

30.8  60    1900 

3140 

700  2600 

96.5 

90.4 

33.8 

120.0 

4050 

44.5   48    2125 

4060 

1350  3775 

99.6 

94.2 

36.2 

119.5 

4300 

47.6   41    1954 

4325 

1950  3900 

99.5 

91.2 

1 

Ratio  of  n^ansformatior 

L  120-65 

4.0 

120.0 

25 

0.    97    0 

480 

0    0 

5.2 

0 

3.0 

121.0 

850 

8.8   80.5   750 

960 

50   300 

88.5 

94 

23.8 

122.0 

2825 

30.8   60.5  1925 

2905 

700  2625 

98.5 

92 

31.8 

120.0 

3750 

42.8   45.0  1950 

3820 

1480  3430 

98.2 

91.5 

33.8 

120.0 

3975 

45.2   41.0  1850 

4060 

1710  3560 

98.2 

89.3 

R, 

atio  of  Transformation 

120-70 

4.0 

120.0 

25 

0   100    0 

480 

0    0 

.52 

0 

15.5 

120.0 

1780 

21.0   65   1325 

1860 

300   1625 

95.6 

91.3 

24.1 

121.0 

2850 

33.4    55   1825 

2920 

860   2685 

97.6 

92.0 

29.6 

120.0 

3475 

41.0   44.5  1775 

3550 

1360   3135 

98.0 

91.0 

33.0 

121.0 

3950 

46.0   40  1825 

3995 

1765   3590 

99.0 

90.1 

Ratio  of  Transformation 

120-75 

3.9 

122.0 

20 

0    100    0 

476 

0      0 

4.2 

0 

17.9 

120.0 

2080 

25     59  1525 

2150 

530   2055 

96.75 

92.0 

2.5 

120.0 

2960 

35.6   49  1730 

3000 

960   2690 

98.6 

88.0 

2.8 

120.0 

3300 

40.0   42  1700 

3360 

1270   2970 

98.25 

90.0 

30.5 

120.0 

3500 

42.6    38  1575 

3660 

1475   3050 

97.5 

87.3 

Ratio  of  Transformation 

120-80 

3.8 

120.0 

22.5 

0    100    0 

456 

0    0 

4.95 

0 

12.3 

120.0 

1375 

11.8    62  1025 

1475 

90   1115 

93.25 

81.5 

120.0 

2740 

34.2   76.5  1575 

2800 

890   2465 

97.80 

90.0 

121,0 

3550 

43.2   37    1625 

3570 

1520   3145 

99.4 

88.7 
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Table  X. 


Test  of    Transformer  by   Short   Circuit  Method, 


Load  EI    corresponding    to  data    taken 

by 

Direct  Method. 

DATA 

EI 

I            E            Watts 
^            ^          Lost  ir 

1      Eff,         : 

No  Load   Iron  Loss 

1 

Resist. 

1 

Wire, 

E 

I                W 

Rati 

0   of   Transformation 

120-60         : 

121.5 

31             31.0 

511 

4,2      121.5      120 

92 

342.5 

4.5      120.3      15 

88.3      . 

Copper  Loss. 

L765 

14,7      120.0      162 

86.6      : 

5140 

25.9      121,0      505 

83.5      ' 

Ratio   of 

Transformation 

120-80 

1060 

35.8      120.0      960 

82,0      : 

t325 

36.2      119.5      975 

Ip          E 

W          Loss   in 
Wire. 

Copper  Loss 
in    Trans. 

Rati 

0   of    Transformation 

120-65         : 

^t. 

480 

4.0     120,0     14.5 

91,5       : 

3330      72 

2375        1650 

825 

960 

8,0      121,0      33,3 

90.0      ; 

2905 

23.0      122.0   298.0 

89.8 

Ratio   of 

Transformation 

120-75 

5820 

31.8      120.0   532.0 

88.5      : 

t060 

33,8      120.0    585.0 

86.75    : 

3330      69.5 

2275        1700 

575 

Rati 

0   of    Transformation 

120-70.       • 

Ratio  of 

Transformation 

120-70 

480 

4.0        120.0   10.5 

91.5       : 

33.30      66,5 

2175        1770 

405 

L860 

15.5      120.0      88,5 

94,0      : 

2920 

24,1      121.0   215.0 

92,3      : 

Ratio   of 

Transformation 

120-65 

5550 

29.6      120.0   324.0 

90.2      • 

5995 

330        121.0  400.0 

90.0      : 

3330      62.5 

• 

2050        1800 

250 

Rati 

o   of    Transformation 

120-75 

Ratio   of 

Transformation 

120-60 

476 

3.9      122,0   2,98 

93.25 

3330      50, f 

1970        1850 

120 

2150 

17.9      120.0      72,5 

95.0 

3000 

25.0      120.0   142 

94.2 

3360 

23.0      120.0   178 

94.3 

5660 

30.5      120.0   215 

94.0 

Ratio   of    Transformation   120-80 


456  3.8  120.0        2,0  93.5 

1475  12,3  120.0      20,4  96.0 

8800  23,3  120.0      74,5  96.0 

3570  29.5  121.0  120.0  96.0 


;/: 
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Table  XI. 

Data  of  WattG  Lost  in  Resistance 
Wire  for  Various  Currents. 


I. 

4 

6.5 

8.9 

11.0 

12.25 

17.80 

23.10 

26.5 

30.30 

35.20 

37.70 

41.00 

43.70 

52.00 


E. 


16 

19 
23 

28 
315 

•  •  • 

38 
47 


W. 

12.50 
35.00 
50.00 
75.00 
90.00 
210.0 
362,5 
500.0 
675.0 
975.0 
1150.00 
1375.0 
1625.0 
2337.0 
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Table  XII. 

Rise  of    Temperature  of  Motor   On 
Surface  of  Yoke  and   Inside   of 
Motor. 


Test  No.l 

Time 

in 

Thermometer 

Thermo- 

-Couple 

Room 

hours 

Reading 

readj 

■  ng 

in 

Temp. 

m.  m. 

Deg. 

n 

0 

20<^C. 

^■^  •« 

200G 

200C 

II 

1 

50OC. 

156 

45° 

II 

2 

54° 

196 

57° 

H 

3 

56° 

230 

69° 

N 

4 

59° 

247 

74.5° 

N 

5 

63*^ 

255 

77.0° 

No.  2 

0 

22° 

__. 

22°C. 

22°C 

It 

1 

38° 

196 

57° 

II 

2 

50° 

220 

65.8° 

H 

3 

58° 

230 

68.8° 

II 

4 

63° 

238 

71.6° 

n 

5 

65° 

247 

74.0° 

64 
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Oscillograms   of    f>jirrent  and   e.m.f.    'Vave   for  Rectifier 
with  Arc  Light  as  Load. 
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